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ABSTRACT 


The present study was performed to assess the resistance profile to fluoroquinolone and to determine mutations in gyrA 


and parC genes of Escherichia coli in bovine coliform mastitis. Fluoroquinolones (norfloxacin (NOR), ciprofloxacin 
(CIP), enrofloxacin (NFX), levofloxacin (LEV), and ofloxacin (OFL) were tested against E. coli isolates, isolated from 
bovine mastitis (100 milk samples) by disk diffusion method. To determine the extent of gyrA and parC mutations 
associated with fluoroquinolone resistance in E. coli, two isolates with the highest resistance to each fluoroquinolone 
were submitted for the amplification and sequencing of the quinolone resistance-determining regions (QRDRs) of gyrA 
and parC genes. The disk diffusion method indicated that E. coli isolates had the highest intermediate resistance to 
OFL (16.7%), followed by NFX and NOR (15%), while they had low resistance to CIP and LEV (3.33%). A few silent 
mutations in gyrA (in codons 91, 100, 111, 131, 132) and in parC (in codons 91, 157, 159) were detected in QRDRs, 
and mutations in nucleotides 65, 80, and 83 in gyrA, and 195, 209, 212 in parC were detected in the other isolate. These 


results showed an intermediate rate of resistance to fluoroquinolones in E. coli isolates from raw milk of cows with col- 


iform mastitis 
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Introduction 


Mas is considered one of the most impor- 
tant diseases in dairy animals that causes 
severe losses to the dairy industry [1]. The economic 
losses due to clinical mastitis include production loss, 
lower milk yield and value, treatment expenses, and 
loss of animal value [2]. Coliforms such as Escheri- 
chia, Klebsiella spp., and Enterobacter spp. are the most 
common etiological agents causing clinical mastitis 
[3]. Escherichia coli is the most common species iso- 
lated from coliform mastitis which is a Gram-nega- 
tive, non-spore-forming rod bacterium that belongs 
to the family Enterobacteriaceae [4, 5]. Clinical signs 
of E. coli mastitis include a wide range from a mild 
disease with only local inflammation changes in the 
mammary gland to severe with systemic signs, gen- 
erally including high fever, increased pulse frequen- 
cy, lack of appetite, decreased milk production, de- 
hydration, rumen stasis, shock, and death [6, 7]. In 
cases of mild to moderate E. coli mastitis, the use of 
anti-inflammatory drugs and supportive treatments 
is recommended. In peracute or acute cases of E. coli 
mastitis, due to the potential risk of bacterial growth 
in the mammary gland, which in turn may lead to 
bacteremia, administration of broad-spectrum anti- 
microbials is recommended to reduce the number of 
bacteria [8]. 

The fluoroquinolones are broad-spectrum 
and bactericidal antibiotics. They are used against 
gram-positive and especially gram-negative bacteria 
such as members of the Enterobacteriaceae family [9, 
10]. They block DNA synthesis by targeting bacteri- 
al DNA gyrase and topoisomerase IV, both of which 
are essential for bacterial DNA supercoiling as the 
replicating strands separate [11]. DNA gyrase and to- 
poisomerase IV are tetrameric structures composed 
of two pairs of subunits. The four subunits of DNA 
gyrase include 2 monomers of A and 2 monomers of 
B, with the names GyrA and GyrB, respectively. The 
topoisomerase IV also has ParC and ParE subunits, 
which are encoded by parC and parE genes, respec- 
tively [12]. 

The major mechanisms of resistance to quinolone 
antibiotics include mutations that occur at the target 
drug sites, mutations that reduce drug accumulation, 
and plasmid-mediated quinolone resistance [13]. The 
most common mechanism that produces significant 
levels of clinical resistance to fluoroquinolones is an 
alteration in the target enzymes. These changes are 
caused by self-mutations occurring within the re- 
sponsible genes. Resistance to fluoroquinolones is due 
to the substitution of amino acids in a certain region 
of GyrA or ParC subunits [13, 14]. The broad-spec- 
trum activity of quinolones against various infections 
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and the widespread use of these antibiotics, the abuse 
and unnecessary use of them, especially in developing 
countries, has accelerated the development of resist- 
ance mechanisms [15]. 

Fluoroquinolones are used in the treatment of in- 
fectious diseases, including coliform mastitis caused 
by E. coli. Since the drug resistance pattern has region- 
al distribution, determination of this pattern of E. coli 
resistance can be used to determine the appropriate 
treatment regimen for clinical coliform mastitis [16]. 
This study aimed to determine the resistance pattern 
of E. coli isolated from cows with coliform mastitis to 
some fluoroquinolones and also to detect the muta- 
tions in QRDR of fluoroquinolone-resistance E. coli 
isolates. 


Results 


Identification of E. coli 


In this study, 100 milk samples were subjected 
to isolation of E. coli by selective plating followed by 
streaking on the Eosin Methylene Blue (EMB) agar 
at 37 °C for 24 h. Typical colonies of E. coli were pro- 
duced from 45 samples. These 45 presumptive E. coli 
isolates on EMB agar were confirmed by biochemical 
tests (Figure 1). 


Susceptibility testing 

The results of susceptibility study showed that 
less than 20% of E. coli isolates had intermediate re- 
sistance to each antibiotic (Figure 2). Intermediate re- 
sistance was 3.33% to ciprofloxacin and levofloxacin, 
15% to enrofloxacin and norfloxacin, and 16.7% to 
ofloxacin (Table 1). 


Identification of gyrA and parC mutations in 
clinical isolates of E. coli 


Amplification of the QRDRs of gyrA and parC 
genes was performed by PCR (Figure 3). The results 
of the DNA sequencing of gyrA and those of parC 
were consistent and provided information from both 
standards for a region between nucleotides 247 to 
840 (corresponding to codons 82 to 280) of gyrA 
and from nucleotides 167 to 539 (corresponding 
to codons 55 to 180) of the parC gene, respective- 
ly (Table 2, Figures 4, 5, 6, and 7). Accession num- 
bers of E. coli isolates based on QRDRs of gyrA and 
parC genes deposited in the GenBank are as follows: 
SRX5988183, SRX5982112 for sample number 2968, 
and SRR17711097, SRR17711096 for sample num- 
ber 3077 (Accession to cite for these SRA data: PR- 
JNA547542). 
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Table 1. 
Antibiotic resistance pattern of 60 E. coli isolates. 
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= i Figurel. 
Tap Ek g 


Isolation and identification of E. coli. A) Triple Sug- 
ar Iron agar, acid/acid reaction with gas production 
and no H2S. B) Simmons citrate agar, the medium 
remained green. This is a negative result for citrate 
test. C) Sulfur Indole Motility (SIM) medium, E. coli 
is hydrogen sulfide negative, indole positive, and the 
cloudy appearance of the medium indicates that E. 
coli is motile. D) MacConkey agar, pink colonies. E) 
Eosin Methylene Blue agar, colonies of purple with 
I black center and green metallic sheen. 


Figure 2. 

The results of evaluation of resistance to flu- 
oroquinolones with disk diffusion method. 
The scale is in mm. 


% intermediate resistant 


Antibiotic (ug) No. of sensitive isolates  % sensitive isoates ne % resistant isolates 

Ofloxacin (5) 50 83.3 16.7 - 

Enrofloxacin (5) 51 85 15 - 

Norfloxacin (10) 51 85 15 - 

Ciprofloxacin (5) 58 96.6 3.33 - 

Levofloxacin (5) 58 96.6 3.33 - 
Discussion relatively low figure compared with other published 


The focus of the current study was to assess the re- 
sistance of E. coli to some fluoroquinolones in bovine 
coliform mastitis and to generate the fluoroquinolo- 
nes resistance profile of isolates. The level of resistance 
of E. coli isolates to enrofloxacin and norfloxacin was 
similar to the level of resistance to ofloxacin. This is 
due to the development of cross-resistance to one of 
the fluoroquinolones. In the present study, among all 
60 E. coli isolates, less than 20% of isolates had inter- 
mediate resistance to fluoroquinolones. This is still a 
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studies, in which the proportion of resistant isolates 
has ranged from 23% to 63% [15, 17-19]. In the re- 
sults from Su et al. (2016) E. coli isolates showed 4% 
resistance to ciprofloxacin and levofloxacin; similarly, 
E. coli isolates in the present study showed only 3.33% 
resistance to ciprofloxacin and levofloxacin whereas 
Metzger and Hogan (2013) found 12% of E. coli iso- 
lated from bovine milk samples were non-susceptible 
to ciprofloxacin [20, 21]. Among fluoroquinolones, 
enrofloxacin and norfloxacin resistance were found 
in nine (15%) E. coli isolates, and all other isolates 
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Ceo ne Expëčt Lehen bites Gaps Ctrand 
413 bits( 169) je-89 204271092 %) 1f221( 0%) Plus/ Flug 
NC 000913.3 2204 GTCTCTIPITCGAGATCOSCCATCAGTTCATGOGGCAATTITICGOCCAGACGGATTTCCGTA 2263 
EmA J077 J Kalkit E es EWE ae ere ee ocala eta eee eo ee ee ee ea Pa eee oe ear a 64 
MOOS 2264 TAACGCATTGOCCOCCCCAGAGTCOCCGTOCATAGAACCGAARGTITACCCTGACCOTCTACC 2323 
EyrA +077 5 iow eee ee ee AE EAEN. ee eee ee ee E EET 124 
NE ARLES 2424 AGCATATAACGCAGCGAGAATOGCTGOGOCATG-CGGACGATCGTGTCATAGACCGCOCGA 2382 
eyv_2077 125 es eee a ee) PET TERETERE ee i = EET PEER ' P A. 184 
Figure 3. NC 007913.3 2303 GTCACCATGGGGATGGTATTTACCGATTACGTCACCARCGA 24273 
PCR amplification of QRDR of gyrA and parC genes for EFTA JOTT 185 SRR IOP SCRE EO A AA A AN GO CECE TORR CRBC A E 225 
E. coli. 
Lane M: DNA marker; 100 bp plus. Lane 1, 2: test isolates. Figure 6. 


The result of alignment the gyrA gene at sample number 3077. The red letters indicate nucleotide changes. Reference sequence is from 


The expected product size of gyrA is 253 bp and the expect- 
nucleotide 2204 to 2423 from NC_000913.3:2336793-2339420 Escherichia coli str. K-12 substr. MG1655, complete genome 


ed product size of parC is 434 bp. 


Score Expect [dentitees Gana Strand 
614 bite( 332) 3e- 180 359/37 197%) 5/37 101%) Plus Plus. 
NC 000913.3 141 = TGCGATGT lial aaa dia CAGCGCCARATTTARAAAATCOGCCCGTACCGT 200 
Score Expect Tdentites Gaps Strand j pat p77 26 cette eee eee eee eee eee SEa o OCesansertrnnerssssnrs teen eee eee Ba 
261 bits(141) 26-73 151/156(97%) O/156(0%) Pii Minus NC oovpts 4201 COGGTGACGTACTGGGTAARATACCATCCGCACGGCGATAGCGCCTGTTATGAAGCGATGGT 260 
B E prenens iene : = Soc enh oe BY a Pere ae ta eee ee hea ee Cee oe Sarena er ea ee era 143 
WC 0009113 2227 CASTTCATGGGCAATTTTCOCCAGACGGATTTCOGTATAACGCATIGOCOGCOSCAGAGTC 2286 put AT 3 
168 ER A Te ee RAC RC ae ae eh = 
pyrth IPSE 168 ae ; NCH 261 COTGATGGOSGCAACCETTCTCTTACCGTTATCCGCTGGTIGATGGICAGGGGAACTGGOGE 320 
a k] yA 
NC 0009133 2287 GOCCGTCGATAGAACCGAAGTTACCCTGACCGTCTACCAGCATATAACGCAGCGAGAATGSG 2346 put 3077 AI cence nec ce ner ceseesceeens stent seneersecseecreeeetenenens 202 
ALIE 108 scaseeess Doc R E AER a E cee eae 49 


NC_O0H133 321 OCGCGCCEGACGATOCCGARATCGTTOGOGGCAATGCOTTACACCGAATCCCGGTTGTCGAR 380 


BC Wla 2347 CTGCGCCATGCGGACGATCOTGTCAT AGACCOCCGA aan? parc HTT 20a Sarin OE a? Ta A A i IK RLS EOIN TRIN ROR A A SR DML TENET MICK A ete 
mA tm 48 A AEE. SEE A eke aaa eet tial 
: BEC 0009133 361 ATATTOCCOAGCTOCTATTCACGCOCACCTOCGGCAGCOGGACGOOCTITGACTGGGTOCCAAACTTI 440 
; W77 262 weveeee bees PoC See eS ee ee EE Re ee een ee eee ee eee 322 
Figure 4. part _ 
The result of alignment of the gyrA gene of sample number 2968. The red letters indicate nucleotide changes. Reference sequence is NC 0008133 441 CGACGGCACTTTGCAGGAGCCGAAAATGCTACCTGCCOGTCTGCCAARCATTTTGCTTAA 500 
from nucleotide 2227 to 2382 from NC_000913.3:2336793-2339420 Escherichia coli str. K-12 substr. MG1655, complete genome. pet SSS a aiawcueee Ses sth ate an aR E R ara Hoa ene ath cme ke, SRL 
WC M0? 801 CGGCACCACCG 511 
pert 3077 RAP Boe... 491 
Score Expect been titers Gaps Shand 
678 bits( 367) 0.0 SHS / S93 (98%) 3/S93(0%) Pluss Plus: Figure 7. 


The result of alignment the parC gene of sample number 3077. The red letters indicate nucleotide changes. Reference sequence is from 


NC 00033 156 GGGCCTCGRAATOCCAGCGCCAAATTTARAAAAT -CGOGCCCGTACCGTCGGIGACGTACTGS 214 ae a 
Fi oe she jade sas a enh eee te nucleotide 141 to 511 from NC_000913.3:c3165973_3163715 Escherichia coli str. K_12 substr. MG1655, complete genome. 


parl_2 10 titi Eee ree ee ee ee ee ee ee ee ee ee 


WC 000913.3 215 GTAAATACCATCCGCACGGCGATAGCGCCTOTTATGAAGCGATGGOICCTGATGOGCGCAAC 274 


eo SE errr Sema EA A EA A k eai a. 127 
aaee a ee a were susceptible to norfloxacin and enrofloxacin. l enrofloxacin [25]. Armanullah et al. (2018), studied 
pet ie 12 PRE A E E at E oe A eae This is in general agreement with Malinowski et the antibiotic resistance profile of E. coli isolates from 
E al. (2008) who found that 16.1% and 14.9% mastitis E. bovine clinical mastitis and reported resistance to cip- 
EEEE AN ANTOI PRETA TAT agnosie pata ae sua coli isolates from Poland were resistant to enrofloxacin ofloxacin (16.67%), norfloxacin (8.33%), ofloxacin 
7s A EEE a i E ls i ka and norfloxacin, respectively [22]. However, inastudy (8.33%), and intermediate resistance to norfloxacin 
NC_008132 395 TATTGAGCGAGCTGGGGCAGGGGACGGCTGACTGGGTGCCARACTICGACGGCACTITGC 454 in Bangladesh, no resistance to fluoroquinolones in- (8.33%) that was somewhat similar to the finding of 
He EAE skeet R eee Kees Sareea ee ET ae tie eee staat pase eal ve 307 cluding ofloxacin, ciprofloxacin, and levofloxacin was the present study [26]. 
NC IWO 455 AGGAGOCGARAATGCTACCTGCCCGTCTGOCCAAACATTITTGCTITAACGGCACCACCGGTA 514 reported in E. coli isolated from milk of mastitis cattle Fluoroquinolone resistance of E. coli isolates 
part i96 eee ee ee ee ee ee re GT [23]. Persson et al. (2011) reported that there was no from bovine mastitis has been studied by several au- 
NC_000913.3 515 TTGCCGTCGGCATGGCGACCGATATTCCACCGC 547 fluoroquinolone resistance in E. coli isolated from milk thors and the results have varied, which may be due to 
pelt J00 ssa ccecie se eee eee eee eee ces > WOR samples of cows with mastitis [24]. In another study different methods and breakpoints used to determine 
Figure 5. by Persson and her colleagues in Sweden (2015), they susceptibility. Resistance to fluoroquinolones is still 
The result of alignment the parC gene of sample number 2968. The red letters indicate nucleotide changes. Reference sequence is reported that all isolates (n=57) of E. coli from dairy uncommon among E. coli isolated from bovine masti- 
from nucleotide 156 to 547 from NC_000913.3:c3165973_3163715 Escherichia coli str. K_12 substr. MG1655, complete genome. cows with acute clinical mastitis were susceptible to tis. In comparison to other studies [15, 17-19, 27], the 
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results of this study showed a low level of resistance to 
fluoroquinolones, which may be due to the controlled 
use of these antibiotics. However, in the present study 
ciprofloxacin and levofloxacin were proved to be the 
best antibiotics to treat E. coli mastitis in cattle since 
they were highly effective. 

In the present study, the E. coli isolates did not 
have resistance to fluoroquinolones and the rate of 
intermediate resistance to fluoroquinolones was very 
low. It is generally accepted that gyrA mutations play 
a major role in the development of fluoroquinolone 
resistance in E. coli, while the mutations in the parC 
gene are additionally associated with resistance [28]. 
To analyze the correlation between genetic character- 
ization and resistance phenotype, two isolates with 
the most resistance to each fluoroquinolone were 
submitted to amplification and sequencing of the 
QRDR in gyrA and parC genes. There were two silent 
mutations in the gyrA gene at wobble position in co- 
dons 91 and 100; similarly, E. coli isolates in the Heisig 
study showed silent mutations in codons 91 and 100 
[28]. Mutation at codons 83 and 87 was found to be 
the most common gyrA mutations of E. coli in several 
studies, and in the present study, there was a mutation 
in codon 83 of gyrA in sample number 3077 [29-32]. 
In addition, we found a silent mutation in codon 91 in 
the parC gene. Similarly, E. coli isolates in the Heisig 
study showed silent mutation only in codon 91, 
whereas the most common mutations in parC were 
reported at codons 80, 84, and 87 [19, 28, 31, 32]. 

In conclusion, the current investigation showed 
that most E. coli isolates isolated from raw milk of 
cows with coliform mastitis in Khorasan Razavi prov- 
ince were sensitive to fluoroquinolones and some E. 
coli isolates had intermediate resistance to fluoro- 
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quinolones. In gyrA and parC genes of E. coli isolates 
with the most intermediate resistance to studied fluo- 
roquinolones, there were silent mutations and muta- 
tions. There is some evidence that silent mutations 
can especially affect the regulation of transcription 
[33-35]. 


Materials & Methods 


Sample collection 


A total of one hundred (100) milk samples were examined in this 
study. Samples were collected from the milk of dairy cattle with clini- 
cal mastitis of three dairy farms in Mashhad (Khorasan Razavi prov- 
ince, Iran). Fifteen isolates of E. coli were obtained from “Bacterial 
Collection of the Mastitis Laboratory’, Veterinary Teaching Hospital, 
Faculty of Veterinary Medicine, Ferdowsi University of Mashhad. 


Isolation of E. coli 


Milk samples were cultured on MacConkey agar media (Merk, 
Darmstadt, Germany) and were incubated at 37 °C for 24 h. Suspect- 
ed E. coli lactose-fermenting colonies (pink colonies) were used for 
culture on the Eosin methylene blue (EMB) agar (Merk, Darmstadt, 
Germany). The appearance of the colonies of purple with black center 
and green metallic sheen were considered positive for E. colion EMB 
agar and were selected for further studies. The colonies of presump- 
tive E. coli on EMB agar were confirmed by standard biochemical 
tests, including triple sugar iron agar, Simmons citrate agar, and mo- 
tility assay. 


Antibiotic susceptibility study 


Antibiotic susceptibility testing was carried out with equiva- 
lence of 0.5 McFarland turbidity standard by agar disk diffusion 
method on Mueller-Hinton agar (Himedia, Mumbai, India) plates 
following the Clinical and Laboratory Standards Institute [36]. All 
E. coli isolates were subjected to an antibiotic susceptibility test. 
The antimicrobial disks (Padtan Teb, Tehran, Iran) used in the 
experiment included 5 ug ciprofloxacin, 10 ug norfloxacin, 5 ug 
levofloxacin, 5 ug ofloxacin, and 5 ug enrofloxacin. The antibiotic 


Table 2. 
Mutations in genes gyrA and parC. 
gyrA mutation parC mutation 
Hes Os Codon Nucleotide N Codon Nucleotide Amino acid ex- 
position exchange moadil eetemge position exchange change 
91 CGT > CGC ginine ° 91 CAG > CAA Glutamine * 
100 TAC > TAT Tyrosine * 157 CTG > CTA Leucine * 
2968 111 TCC > TCT Serine ° 159 GCT > GCC Alanine ¢ 
131 GCA > GCC Alanine ° 
132 AAT > CAT Asparagine > Histidine 
65 AAT > CAT Asparagine > Histidine 195 GGT > GTT Glycine > Valine 
3077 80 GCA > TCA Alanine > Serine 209 GTG > TTA Valine -> Leucine 
83 AGG > GGG Arginine -> Glycine 212 GGC > CAC Glycine > Histidine 


a Silent mutation 
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disks were placed on Mueller-Hinton agar culture plate. The plates 
were incubated for 18-24 h at 37 °C. The size of the zone of in- 
hibition was recorded and resistance zone diameter breakpoints 
adopted for these antimicrobials were the following: < 15 mm for 
ciprofloxacin, < 12 mm for norfloxacin, < 13 mm for levofloxacin, 
< 12 mm for ofloxacin, and < 14 mm for enrofloxacin. 


DNA extraction 


E. coli isolates were grown overnight in Nutrient agar (Merk, 
Darmstadt, Germany) at 37 °C. One colony was suspended in 250 
uL of sterile distilled water. After boiling the suspension for 15 
min, followed by freezing and subsequent centrifugation at 14000 
rpm for 15 min, the cell debris was pelleted and the supernatant 
was used as a template for the amplification reaction. 

[37]. 


Amplification of quinolone resistance determin- 
ing regions (QRDRs) 


Polymerase chain reaction (PCR) was used to amplify QRDR 
of gyrA and parC for mutation detection. The list of primers that 
were used for amplification of gyrA and parC genes is shown in 
Table 3. The PCR amplification was performed in a total reaction 
volume of 25 uL. The reaction mixture contained 12.5 uL of 2x 
master mixtures (CinnaGen, Tehran, Iran), 1 uL of each forward 
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and reverse primer (10 pmol/uL), 8.5 uL of deionized water and 
2 uL of DNA template. The PCR program included initial dena- 
turation at 94 °C for 5 min followed by 30 cycles of denaturation 
(94 °C for 1 min), annealing (55 °C for gyrA and 56 °C for parC 
for 1 min), and extension (72 °C for 1 min) with a final extension 
at 72 °C for 5 min. For amplification of DNA, the PCR was per- 
formed with a thermocycler (Techne, Chelmsford, UK). The PCR 
products were run on a 1% agarose gel in TAE buffer at 100 V 
for 45 min. After electrophoresis (Padideh Nojen Pars, Mashhad, 
Iran) in the agarose gel and staining with the green viewer (Sina- 
clone, Tehran, Iran), they were observed and documented under 
gel documentation system (Kimiagene, Mashhad, Iran). A 100 bp 
plus DNA ladder was used to determine the molecular size of the 
PCR products. Primers used in the study were custom synthe- 
sized from Macrogen Inc. (South Korea). 


Sequencing and Alignment 


The PCR product of gyrA and parC genes with forward and 
reverse primers sent for sequencing to Microsynth (Switzerland). 
DNA sequences were analysed using Chromas software. DNA 
sequence data were compared to data in the GenBank database 
using the BLAST algorithm available at the National Center for 
Biotechnology Information (NCBI) website (www.ncbi.nlm.nih. 
gov). 


Table 3. 
The primers were used for amplification of gyrA and parC 
Refer- 
Primer name Primer direction * Sequence (5' to 3’) Product size (bp) Annealing temperature (°C) 
ence 
gyrA4 F TCGTTGGTGACGTAATCGGT 253 55 31 
gyrA5 R TCCGTGCCGTCATAGTTATC 253 55 31 
parCl F AACCTGTTCAGCGCCGCATT 434 56 31 
parC2 R ATGCGGTGGAATATCGGTCG 434 56 31 


aF, forward; R, reverse 
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